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THE EFFECT OF FORMALIN ON THE VITALITY OF 
SEED GRAIN. 
BY ROBERT STEWART AND JOHN STEPHENS. 
INTRODUCTION . 
. The Utah Experiment Station for a number of years has 
recommended the formalin treatment for the prevention of 
smut in wheat, oats and barley. Since the publication of Bul-
leti'n No. 84 by Prof. L. A. Merrill qn the SlUbject, a number of 
complaints regarding the treatment have been received. We 
learned, also, by traveling over the s:tate, that these complaints 
were quite general. They may be summa~izerl under several 
heads, as follows: 
1. The formalin treatment injures the germinating power 
of the seed to such an extent that the crop yield is seriously 
affected. 
2. The formalin treatment is' not effective, i. e., it does 
not destroy the smut spores. ' 
3. If, for any reason, the planti'ng of the treated seed be 
delayed, it has a tendency to spoil. · 
4. The formalin sold in the state has a tendency to 10SQ 
its strength. 
5. The formalin s(}ld in the state is not up to the standard. 
The work reported in this bulletin was undertaken for 
the purpose of throwing light on these questions, and it is 
hoped that the results obtainerl will be of value to the farmers 
of the state. 
The work was planned by Robert Stewart in behalf of 
the chemical department and John Stephens in behalf of the 
department of agronomy. The s'olutions were ca.refully pre-
pared in the chemical departmeJit and the analyses ,of the· v·ar- . 
ious strengths of formalin were also made there. The germi-
nation tests were made under the immediate direction of 1\1r. 
Stephens, who also calculated and tabulated the results. 
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1. Significance of the Losses. 
The lass in dollars and cents to the farmers af the state 
due to' the cereal smuts; is cansirlerable. It is important that 
the grain farmers realize this and take the necessary precautian 
to' prevent this lasSi. A few statements will s'erve to' emphasize 
this fact . . 
Clintan, warking in Illinais, faund that the lass due to' 
cereal smuts varied. The variation was fram 20 to' 40 per cent. 
Kellerman of Kans,as, in 1896, faund that the lass af the 
aat crop due to' smut varied fram nathing to' 13 per cent af 
the total crap. The lass of the wheat crap due to' laose smut 
vari·ed fram nothIng to' 14 per cent. 
Bolley faund that the los'S af the wheat crap due to' 
stinking smut o-f wheat in North Dakota varied fram 4 to' 25 
per cent o-f the tatal crap. 
The Indiana Experiment Statian found that the damage 
from the stinking smut af wheat was aften cansiderable. It 
sametimes destrayed fram ane-quarter to ane-half af the crap. 
Henrlersan of IdahO' faund that the lasS' in the wheat crop 
due to stinking smut at times WRSl as high as 50 to' 75 per cent. 
The lass af the wheat and aat crap due to the laase Slmut was 
at times as high as 15 per cent. He estimaterl the annual 
lass to' the farmers af the UnitedJ States to', be approximately 
$18,000,000. 
Moare in Wiscansin calculated that the annual lass due 
to smut af aats was $5,000,000 per year, which, he thaught, 
might be entirely avaided by use of farmalin in the ratiO' af 
1 paund to' 50 gallans af water. In a secand article an the 
treatment af seed oats, he estimated that the annual lass to' 
the farmers af Wiscansin am,aunted to' several hundred thau-
sand dollarS!, which could all be preventerl by the use af farma-
!i'n. This treatment he termed a· simple, inexpensive and 
entirely effective remedy. 
Selby af OhiO' estima.ted that abaut 6 per cent af the aat 
crap of that state was damaged by smut. 
Beattie of Washingtan faund that the loss! af the wheat 
crap due to' the presence af smut was' $2,500,000. 
Acco-rding to' Bedfard, abaut 6 per cent af the wheat re-
ceived at Winnipeg during the year 1906 was rejected by 
inspectors an accaunt af the large amaunt af smut present. 
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2. Nature of the Disease. 
The cereal smuts are divided into two distinct classes: 
(1) the lO()SIe smuts of wheat ann barley; (2 ) the stinking smut , 
or bunt, of wheat, 'and the· cove·red smut of barley and smut 
of oats:. 
The nature of thes:e smuts has' been pretty well worked 
out by various investigatol'ls. 
Bmut is a disease caused by spores which develop on the 
host plant,and in the reproductive stage f·orm black masses of 
small cylindrical bodies. There are two stages in the life his-
tOlJ'l of ,the organism, the growj'nlg or myceli'al stage, and the 
spore or reproductive stage. The disease causes distortion and 
prevents normal growth, and the pres'ence of the nirty black 
spores gives an abnormal color to the "flour produced from the 
affected wheat. 
In the case of the smuts of oatsl, the covered smut of bar-
ley and the bunt of wheat, th.e infection takes' place at the 
time of the germination ' of the seed. The infection arises from 
th.e presence of smut spores on the seed. The danger from 
infection from spores' in the soil is very slight, and may be 
entirely prevented by crop rotation. In cas'e of th.e loose smut 
of wheat, the infection takes place at the flowering stage of 
the host plant. The spores thus being within the seed develop 
in the crop the following year. 
When the seed which has been expos'ed to infection C'Oill-
mences to germinate, the spores of the organism als"O germinate. 
As the host plant develops the smut sends a thread-like stem 
upward through the growing tissue. During this stage, the 
smut. being within the plant, is not visihle to the eye. It be-
comes visible 'in the secona or spore stage by maturing into 
a mass of spores having a black appearance. 
With a cleaT understanding of the nature of the disease, 
we are better able to determine the methods' of prevention. 
3. Nature of the Treatment. 
Since with the smuts of oats, the bunt of wheat and the 
oovered smut of barley, the spores adhere to the seed so firmly 
that they cannot be removed by mechanical means, such as 
thorough cleaning of the seed, some more drastic means of 
treah':J.lent must be used. Many chemical agents have long' been 
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used for this purpose, both in America and in Europe. Some 
of these agents used at an early d'ate in Europe were lye, hdne, 
copper sulphate, blue vitriol (blue stone), sodium sulphate 
and potassium-permanganate. The blue stone seemeo. to be the 
,only. one giving satisfaction. Some of the substances used jn 
Ameri'ca in addition to the above were "ceres pulver," lysol, 
potassium sulphio.e, corrosive· sublimate, certain compounds of 
arsenic, and formalin. The hot water treatment recommended 
by Jensen of Denmark is: also us;ed in some s·ections. The treat-
ment with hot air is now bei~g used to some extent. Formalin 
is pro.bably favored by a majority of investigators for the 
treatment of the above smuts. 
In case of the loos.e smut of wheat and barley, the spores 
being within the s,eed, so~e investigators are led'to beli'eve that 
a mOre drastic treatment is necessary. Freeman and Johnson· 
recommend the modified hot water treatment. 
4. Treatment Recommended by the Utah Station. 
Prof. L. A. Merrill in the conclusion of Bulletin No. 84 
says: "The Utah Experiment Station has, during the past sev-
eral yea.rs, used; the formalin treatment for the prevention of 
smut. The treatment. has in every instance been satisfactory. 
We place about one bushel of seed i'n a loose burlap sack ano. 
immerse in a solution of one po.und of formalin to fifty ga.llons 
of water. After submerging for ten minutes and allowing to 
drain for four Or five .minutes, the sack containing the grain 
is hung up on the south sio.e of the barn and turned at intervals 
until the grain IS thoroughly dry." 
5. The Effectiveness of Formalin Treatment. 
Since the experimental work undertaken here was to de-
termine the effect on germination and not the effectiveness 
of the f.ormalin t~eatment in destroying the smut spores. it 
will be. well for us to study the latter question from data fur-
nished by other investigators. 
Agricultural literature is filled with reports of experiment') 
which demonstrate the effectiveness of the treatment for the 
prevention of the smuts of oats, the bunt of wheat and the 
*Bulletin 152, Bureau of Plant Industry, U. S. D. A., p, 39. 
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covered smut of barley. A study of a few of these win s,how 
the effectiveness of the method. 
Clinton of Illinois, working with the smut of oats, found ' 
the formalin treatment very effective. The following t,able 
indicates the results' he obtained. 
Table No.1. 
EFFECTIVENESS OF FORMALIN TREATMENT. 
Treatment. Per cent smutted. 
Untreated ... . ................................. 11. 
·1 :100 .......................................... 12.7 
] :50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 
] :25 ....................................... : ... o. 
Extensive experi'ments along the same line have been car-
ried on in Kansas, North Dakota, Indiana, Ohio, Wisconsin 
and Canada. 
Stua:rt of Indiana found that at times the spores were 
lodged in the interstices of the grain and could only be reached 
by the formalin with difficulty. He found that when the s€ed 
was soaked for several hours in cold water before the treatment 
with fOl"Inali'n the germinating p0,wer of the wheat was n{)t 
,affected and the smut was c.ompietely destroyed. Moore in 
Wisconsin found that the f{)rmalin decreased the amount of 
'smut f.rom 6.08 per cent to 2.35 per cent. Farrer of New South 
'Vales, in 1903, and later, Sutton, found that the formalin treat-
ment was very effective in preventing stinking smut in wheat. 
Appel in Germany found that the formalin treatment of the 
seed for bunt of wheat, covered smut of barley a.nd loose and 
covered smut of oats was effective. 
It would appear from a study of the lit.erature that the 
formalin ' treatment, when properly applied, i's effective in 
destroying the loose and covered smuts of oats, the st inking 
smut of wheat and the covered smut of barley. The loose smut 
of wheat and barley must receive other treatment, unless fu-
ture experiments show that treatment with formalin in a 
modified form cab be made effective. 
*1: 100 means one pound of formalin to one hundred gallons of water. 
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7. The Effect of Varying Strength of Formalin Solution . 
. ' 
The work of Clinton reported above indicated quite clearly 
that a solution of formalin as, dilute as one pound to one hun-
dred gallons of water has no value. The 10weT limit, however, 
is somewhat uncertain. 80me investigators claim that the 
f,ormalin treatment increased the germinating power of cereals', 
while others claim the treatment materially injures' the seed. 
This phase of the question was the one most thoroughly stu(\.i'ed 
at the Ut3ih Station. Thes work was carried- on with wh.eat, 
oats and barley. Several varieties of wheat weTe used, namely, 
New Zealand, Lofthonse, Red Ohaff, Sonora, Odessa, Martin 
Amber and Minn. 188. Six varieties of oats were used, namely, 
Black Tartar, Sparrow Bill, Dun, Canadian, Sixty Day and 
Danish. Five varieties of barley were used:, Hul-less, Beard-
less, IVlanchury, lVIi'nn. 105 and' 20 Ro,w Colo. , 
The method of procedure was as follows: Five strengths 
of solution were used: one pound of fo'rmalin to sixty gallons 
of water (1 :60 ) , one pound of formalin to fifty gallons of 
,water (1 :50) , one pound of formalin to forty gallons of water 
(1 :40), one pound of formalin to thirty gallons of water (1 :30) 
ana one pound of formalin to two gallonS' of water (1 :2 ) . 
Two hundred carefully cleaned, hand picked seeds of each 
variety were treated in the varying SIOlutions for ten minutes. 
Immediately afteT treatment the seeds were planted in pots of 
:sawdust such as are used in green house culture wo'rk. After 
gennination ~ommenced, the number ,of seeds which had ger-
minated wP,re carefully counted each day and reco-rded. In 
every cas'e, as a check, the same number of untreated seeds 
were planted. Since two different brands of formalin were 
used, the results given fOT each variety are based upon the 
germination of six hundred seeds. Therefore, the conclusions 
regarding the effect of varying strengthS' of solutions upon 
the germination of seeds is based upon the germination or 
10,800 seeds. The results obtai.ned are given in Table 2. 
Table No.2. 
EFFECT OF VARYING STRENGTHS OF FORMALIN SOLUTIONS. 
(Time of Treatment, 10 minutes.) 
WHEAT. 
~ ~ I '0 '0 '0 .... 
..... Q) ...... .... .....Q) ...... .....Q) .... 
VARIETIES o ~ ~ ..... o ~ ~ ..... o~ ~ ..... o ~ ~ ..... o ~ ,d O Q)ct .c O Q)CIS ,d O Q)CIS ,d O Q)CIS ,d O b.O:O u.S b.O:O u .S b.O:O u.S b.O:O u .S b.O:O 
~ ;:::l r-. S ~ ;:::l r-. S ~ ;:::l r-.S ~ ;:::l r-. S ~ ;:::l Q) ...... Q) ...... Q) ...... Q) ...... Q) ...... 
r-. O Q) r-. r-. O Q) r-. r-. O Q) r-. r-. O Q)r-. r-. O 
00 00 ~Q) ..... 00 ~ Q) ..... 00 ~Q) 00 00 ~Q) 00 00 0 , 00 0 00 0 0 
New Zealand ... . .... . . . .. . .. 1 1 :60 I 86 1 :50 1 87 11 1:40 57 1 :30 1 48.5 11 1:2 J-"ofthouse ... . . . . ... . . ... . . . . / 1 :60 I 84 1 :50 189 1 :40 50 1 :30 46 1:2 
Red Chaff ... .. ........ . .. . . [ 1 :60 196 1 :50 97 1:40 75 1:30 52 11 1:2 Sonora . . . . . ... . ..... . ...... / 1 :60 89 1 :50 97 1 1:40 60 1:30 44 1:2 
Odessa .. . .. .. .. . .. ...... . ... 1 1 :60 97 1 :50 I 99 11 :40 57 1 :30 48. 511 1:2 
:lVIartin Amber .. . ... . .... . .. . / 1":60 I 87 
I 
] :50 I 86 1 :40 52 \1 :30 39 1:2 
NIinn. 188 ... .... . . ..... . .. . . 1 1 :60 L~? _ 1 :50 I 84 1 1 :40 \ 53 1 :_3_0 1 47 1 ] :2 
OATS. 
Blaek 'rartar . . ...... . . . . . . . . 1 :60 I 85 11 1 :50 I 84 . 5/1 1 :40 I 86 II ] :30 70 . 5/1 ]:2 
Sparrow Bill ..... . .. . ... .. .. 1 :60 / 78 . 51 1:50 i 89 / ]:40/82 II ]:30 59 .511 1:2 
Dun . : . . ....... . .... . .. . . . .. 1 :60 / 83.511 ] :50 1 95 \1 1 :40 I 90. 511 ] :30 53 " 1:2 
Cana;dlan . .. . . .. ........ .. .. 1 :60 I 84 1 :50 I 89 I 1 :40 I 95 /I 1 :30 73.511 1:2 
Si"xty Day ... . ........ . . .. . . 1 :60 I 87 / 1 :50 I 95 II ] :40 I 94 II 1 :30 84 II 1 :2 
Dani sh . . . ... . ... . .. . . .. . . . . 1 :60 / 97 II 1 :50 I 98 II 1 :40 I 84 II ] :30 86 /1 ]:2 
BARLEY. 
Hull-l ess . . . . ... . ..... . .... . . 1:60 1 75 . 51/1:50 ! 80 11 1:40 150 11 1 :30 143 /I ]:2 
Beardless r • • • • • • • • • • • • • • • • • • • 1 :60 / 86 II 1 :50 I 89 /I 1 :.40 / 87 1/ 1 ~ 30 I 60 1/ ] ~2 
Man~hur) ..... . ....... . .... 1 .60 / 91 ,I 1.50 I 94 .511 1 .40 I 90 II 1.30 I 75 1/ 1.2 
lVlinn. 105 . . . . . . . . . . . . . . . . . . . 1 :60 / 90 1/ 1 :50 I 89 /1 1 :40 / 75 /I 1 :30 I 47 /I 1 :2 
20 Row Colol'R (l'O . .. . . . . . . . . . 1:60 1 96 11 1 :50 1 98 11 1:40 195 11- 1:30 1 68.5/1 1:2 
...... '0 O Q) 
~ Q) 
..... '0 om 
~ Q) 
..... :.;; '0 Q) ..... ~ClSQ) ~~ I Q)~"'" u .... ~ r-.S r-. r-. Q)r-. ..... Q) ~ Q)~ 
0 OP 
I o .11 90 
I 0 I 90 
j 0 I 100 
I 0 I 100 
\ 
0 
1
100 
0 1 100 
I 0 II 100 
I 35 II 95 
/ 44.511 100 
I 39 . 511 100 
I 54. 5!/ 100 
I 36. 8/1 100 
I 42 .511 100 
o 1/ 80 
2 II ]00 
o II 90 
3 // 90 
2 II 80 
l:rJ 
~ 
I'%j 
l:rJ 
(') 
8 
o 
~ 
':rj 
o 
;:r:! 
~ 
> ~ 
Z 
o 
Z 
00 
t?:l 
tr.l 
t:l 
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::<:l 
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In the last column will be found the number of seeds in 
every one ' hundred untreated seeds which germinated. The 
headings of all the columns are self-explanatory. 
It will be noted that all solutions have a lowering effect 
on the germinating power of the seed. In the case of wheat, 
even the solution as dilute as one pound to sixty gallons of 
water decreased germi'"nation. One pound of f.ormalin to fifty 
gallons of water has about the same ~ffect. One pound to 
forty gallons. of water ·caused almost a fifty per cent loss. One 
pound of formalin to tmrty ganons- of water caused a still 
g.reater deerease, while one pound to two gallons almost 
entirely prevented the germination of the seed. 
In case of the oa,ts, again, all solutions have a tendency 
to lower the germinating power of the seed, but the oat seed 
can stand a stronger s'Olution than can the wheat. The solu-
tion, one pound of formalin to fifty gallons of water, has 
practically the same effect as the two stronger solutions. One 
pound of formalin to twenty gallons of water had an appre-
ci'able lowering effect on the ger.mination of the oat seed, al-
though nearly two-fifths of the seed germinated. The solution, 
one pound of f'Ormalin to fifty gallons of water however, is 
effective in preventing the occurrence of the smut. 
In the case of the barley, seed, results similar to those ob-
tained with the wheat were obtained. The stronger solution, 
one pound of formalin to two g~llons of water practically 
prevented the germination of the seed. The formali'n solution 
as dilute as one pound of formalin to sixty gallons of water 
decreased somewhat the germination of wheat, oats and barley. 
The solution, one pound to fifty gallons of water has a.bout 
the same effect. The solution, one pound to forty gallons, 
appreciably a£feeted the germination of wheat, while the effect 
on oats was about the same as, the stronger solutions. Solutions 
as &trong as one pound of formalin to two gallon.s of water 
are prohi-biti've in all cases. 
8. Effect of Time of Treatment. 
Having determined the best strength of solution, it was 
decided to determine the effect of length of time of treament 
on the germinating power of the sreed. The results obtained 
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are given in Table 3. The average results of treating two hun-
dred seeds of each of the several varieties of wheat, oats and 
barley are given. 
Table No.3. 
EFFECT OF TIME OF TREATMENT. 
(Strength of Solution, 1 to 50.) 
'C 'C 'C 'C 'C 'C 'C 'C 
Q) Q) Q) Q) Q) Q) Q) ¢) 
... ... ... ... ... ... ... ... 
~ ~ ~ ~ ~ ~ ~ ~ 
I=l s:l I=l s:l I=l s:l I=l I=l 
I'IJ ·s ·s I'IJ ·S ·S I'IJ ·S ·S I'IJ ·S ·S 
Q) 1-0 ~'C Q) 1-0 ~'C Q) 1-0 ~'g Q) 1-0 ~'g ... Q) ... Q) ... Q) ... Q) :::l ~ ~.3 :::l ~ ~.3 :::l ~ :::l ~ I=l I=l I=l ~ ... I=l ~ ... 
~ ... ... ~ ~ ... ... ~ ~ ... ... ~ ~ ... ... ~ I=l I=l Q) I=l I=l Q) I=l 1=lQ) I=l 1=lQ) Q) Q) 1-0 Q) Q) 1-0 Q) Q) 1-0 Q) Q) 1-0 
oS 0 o~ oS 0 Q~ oS Q Q~ oS 0 o~ 
8 1-0 ~p 8 1-0 ~p 8 1-0 ~p 8 1-0 ~p 
8 Q) 8 Q) 8 Q) 8 Q) p.. p.. p.. p.. p.. p.. p.. p.. 
Wheat 110 1871851130 190 1951160 180 18911120 176184 Oats .. 10 89 92 30 87 91 60 79 82 120 77 86 
Barley '10 84 86 30 86 90 60 75 89 120 68 85 
In case of wheat the treatment was one pound of formalin 
to fifty gallons of water for ten, thirty, sixty and one hundred 
and twenty minutes. The treatment for sixty minutes was no 
more injurious than the treatment for ten minutes'. The treat-
men for two hours, however, shows an appreciable rlecrease in 
the germinating power. 
In case of oats and barley similar results were obtained, 
although the barley seeds seemed to be slightly more susceptible 
to injury. 
9. Effect of Time after Treatment. 
A questi'on of considerable importance to the farmer is 
whether or not t he seed must be planted immediately after 
treatment. If the farmer, for any reason, should be preven ted 
from immediat ely planti'ng the t reated seed , would this seed be 
so injured as to render it of no value' This question was 
thO'voughly tested. The results are shown in Table 4. 
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Table 4. 
EFFECT OF TIME AFTER TREATMENT. 
(Strength of Solution, 1 to 50. Time of Treatment, 30 minutes.) 
'0 '0 '0 '0 (J) (J) (J) (J) 
~~ ~~ ~~ ~...., 
~C13 ~C13 ~C13 ~C13 
(J)~ (J) ~ (J)~ ' (J)~ 0· .... 0· .... 0 · .... 0 · .... 
en S en S en S en S 
>. ~ ~ >. ~ ~ >. ~ ~ >. ~ ~ 
CI3 Q)(J) CI3 Q)(J) CI3 (J)(J) CI3 (J) (J) 
~ ~O ~ ~O ~ ~O ~ ~O 
Wheat ........ . . ' 1 14 I 75 11 21 1 95 11 28 187 11 42 185 Oats . . . . ... ... .. . 14 75 21 67 28 56 42 48 
Barley .. . . . . . .. . . 14 I 72.5 21 87.5 28 72 42 , 73 
The results indicate that the seed, except the oats, may 
be k ept at least six weeks before planting. It should be 
strongly emphasized that it is, necessary to dry the seed thor-
oug.hly in order t o prevent partial germination, and to place 
it wh~re there is no danger of its again being infected. The 
bins and sacks in wihich the tre'ated seed is stored should be 
thoroughly disi'nfecterl by immersing the sack in the formalin 
solution and sprinkling the bins with the s·olution. 
10. Best Strength of Formalin Solution. 
The results obtained strongly emphasize the necessity of 
adhering to the strength of solution recommenderl by th.is sta-
tion. It seems quite certain that many complaints against the 
formalin treatment may be traced to the farmer having used 
tOD strong a s·olution, which killed! the grain. The small amount 
of formalin and the large amount of water used appear to 
some to give a solution which seems' too weak. Hence the t en-
dency to add another pDund o'r so of formalin. This practice 
muSit not be followed. While oats can stand a s,oluti'on as 
strong as one pound to forty gallons of water, it will be prob-
a bly safer to recommend a solution of ,one pound to fifty gal-
lons of water for wheat, oats and barley. In every case there 
was some injury to the germination of the seerl. Even with 
the solution as dilute as one pound of formalin to fifty gallons 
of water, there was an appreciable decrease in the germinating 
pDwer o.f wheat, oats and ba'I"ley. This, however , may be really 
a benefit instead of an injury, s'ince ' it pro·bably destroys the 
seeds of pDor vitality. 
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11. The Reliability of the Formalin Solution. 
All of the work done upon the formalin treatment for the 
prevention of smut is based upon the supposition th,at a re-
liable brand of for.malin is used. Formalin is the name given 
to a 40 per cent solution i'n water of the gas' formaldehyde. 
If a given brand of formalin, containing, say, only 20 per cent 
f.ormaldehyde iSI used by the farmer, in the ratio of one pound 
to' fifty gallQns of water, the resulting solution wouln have no 
value, since it would have no effect on the smut spores. It 
becomes, therefQre, of prime importance that a reliable brand 
Qf formalin 'be used, otherwise the treatment may be wQrthless. 
That the strength Qf the fQrmali'n sold to the farmers does 
vary is clearly shown by the work of LaM in North Dakota. 
He found that the form,alin sold was' nQt always as claimed, 
a 40 per cent solutiQn. The variatiQns were from 21.6 per cent 
to' 42.4 per cent. The results which would be obtained by: 
using the solutiQn 21.6 per cent would have been the same as 
if t.he grain had been untreated. 
The formalin used should be a 40 per cent solution, never 
less than 38 per cent. A s'Olution as weak as 37 per cent is 
unsui,ted for this purpose, unless the ratl,<> of formalin to water 
is changed. 
The work was carrien Qn with two different brands of 
formalin; one kind was that which is shipped into the state 
in one pound bottles, the other being in bulk. The latter would 
prQbably be the one more Qften furnished to the farmers. Both 
these brands represented 'reliable brands of formalin. The 
analyses sho'wed that the former contained 40.50 per cent of 
formaldehyde and the lwtter 42.79 per cent. It is of the utmost 
imp01~tance that a 40 per cent solution of formalin be obtained 
and that ONE POUND be used'. One pound means sixteen 
ounces, not el,even Qr ten. 
12. The Effect of Exposure on Formalin Solution. 
\ 
A question of some importance to the farmer is whether 
or not a solution of f,ormalin purchased one yea'r, if not used, 
is any goon the following year. Ladd also studied this ques-
tion. He examined a sQlutIon of formaldehyde which con-
tai'ned 36.92 per cent of formaldehyde. A year later he had 
it re-examined, and found that the solution contained 36.68 
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per cent of formaldehyde. T~e bottle had been standing in a 
warm room during the ~ar, and the examinations were made 
by two different chemists. The solution han not decreased in 
strength to any appreciable extent. 
The farmer sh.ould exercise grewt care in the purchase and 
use of formalin for grain smuts. Hhe should purchase a guar-
anteed 40 per cent solution of formali'n from a reliable drug 
company, and use it in the proportion of .one pound to fifty gal-
lons of water as diTected. . 
Conclusions. 
1. The formalin treatment is effective in preve'nting the 
.loose and covered smut of oats, the covered smut of barley and 
bunt 6f wh.eat. 
2. The formalin solution, even as, dilute as one , pound of 
formalin t o sixty gallons of water, reduces somewhat the 
vitality of the seeds of wheat, oats and barley. 
3. Oats are more resistant to the influence of formalin 
than are wheat ann barley. 
4. The ·best strength of solution to use is one pound of 
. formalin t o fifty gallons of water. 
5. The seed may safely be treated for one hour in a solu-
tion of one pound to fif,ty gallons of water. 
6. If the treated seed be thoroughly dried, it may be 
safely kept for at least six weeks after treatment. 
